Scheme S1 Synthetic route to DBr-Dph-DPP.
Scheme S2 Synthetic route to DTPE-DPP (molecule 1). Scheme S5 Synthetic route to β-A2DTPE-Dph-DPP (molecule 4).
Synthesis of 4-Bromo-4'-N,N-dimethylaminobenzophenone (d):
Magnesium (0.19 g, 8 mmol) and 4-bromo-N,N-dimethylaniline (1.8 g, 9 mmol) were added into a 100 mL two-necked round-bottomed flask under nitrogen. After injecting 10 mL distilled THF, the mixture was heated to reflux slowly until the magnesium is dissolved in THF totally. Then the mixture was cooled to 25 °C and waited for further use. In another 250 mL two-necked round-bottomed flask, 4-bromobenzaldehyde (1.3 g, 7 mmol ) was added. The flask was then degassed and flushed with dry nitrogen three times, after which THF (30 mL) was injected. The mixture was cooled to 0 °C by an ice bath, the Grignard reagent prepared before was added drop by drop. After reaction at 25 °C for another 5 h, the reaction was quenched with a saturated ammonium chloride aqueous solution and extracted with DCM. The organic layer was washed with brine and dried over anhydrous magnesium sulfate. After filtration and solvent evaporation, 1.5eq of Dess-Martin periodinane (3.4 g, 8 mmol) and 40 mL of DCM were added. The reaction was tracked by TLC. After the reactants reacted totally, 20 mL of saturated sodium bicarbonate and saturated sodium thiosulfate aqueous solution (1:1 by volume) was put into the flask. The mixture was stirring at 25°C for 1~2 h, and extracted with DCM. The organic layer was washed with brine and dried over anhydrous magnesium sulfate. After filtration and solvent evaporation, the residue was purified by silica gel column chromatography, using petroleum ether/DCM/ethyl acetate (100:20:1 by volume) as eluent. The target compound (1.0 g) was obtained as a creamy solid in 64.0% yield. 1 
Synthesis of 1-(4-bromophenyl)-1-(4-dimethylaminophenyl)-2,2-diphenylethene(e):
Zinc dust (1.2 g, 18 mmol) was added into a 250 mL two-necked round-bottomed flask. The flask was degassed and flushed with dry nitrogen three times, after which THF (60 mL) was injected. The mixture was cooled to −5 to 0 °C by an ice-salt bath, then titanium tetrachloride (1 mL, 9 mmol) was added slowly. The mixture was allowed to warm to 25 °C and kept for 0.5 h and then refluxed at 74 °C for 2 h. The mixture was cooled to −5 to 0 °C again, treated with 0.5 mL of pyridine, and stirred for 10 min. Then a THF solution (10 mL) of benzophenone (0.58 g, 3.2 mmol) and compound d (0.8 g, 2.6 mmol) was added slowly. After refluxing overnight, the reaction was quenched with a 10% potassium carbonate aqueous solution and extracted with DCM. The organic layer was washed with brine and dried over anhydrous magnesium sulfate. After filtration and solvent evaporation, the residue was purified by silica gel column chromatography, using petroleum ether/DCM/acetic ether (150 
Synthesis of 4-(2-(4-bromophenyl)-1,2-diphenylvinyl)-N,N-dimethylaniline(g):
The compound was synthesized from Zinc dust (1.95 g, 30 mmol), titanium tetrachloride (1.7 mL, 15 mmol), 4-bromo-benzophenone (1.44 g, 5.5 mmol), 4-N,N-dimethylamino-benzophenone (1.13 g, 5 mmol) and distilled THF (60 mL). The procedure was similar to that used for the synthesis of 1-(4-bromophenyl)-1-(4-dimethylaminophenyl)-2,2-diphenylethene described above, the residue was purified by silica gel column chromatography, using petroleum ether/DCM (8:1 by volume) as eluent. And 1.0 g of target compound was obtained as a light yellow solid in 44.0% yield. 
Synthesis of 4-(1,2-diphenyl-2-(4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)vinyl)-N,N-dimethylaniline(h):
Compound f was synthesized from n-BuLi (1.6 M in hexane, 0.9 mL, 1.4 mmol), compound g (0.6 g, 1.32 mmol), 2-isopropoxy-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (0.4 mL, 2 mmol) and distilled THF (40 mL). The procedure was similar to that used for the synthesis of compound f described above, the residue was purified by silica gel column chromatography, using petroleum ether / DCM 
Synthesis of 4,4,5,5-tetramethyl-2-(1,2,2-triphenylvinyl)-1,3,2-dioxaborolane(b):
This compound was synthesized from n-BuLi (1.6 M in hexane, 9 mL, 15 mmol), (2-bromoethene-1,1,2-triyl)-tribenzene (2.01 g, 6 mmol), 2-isopropoxy-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (4.3 mL, 21.4 mmol) and distilled THF (40 mL). The procedure was similar to that used for the synthesis of compound f described above, the residue was purified by silica gel column chromatography, using petroleum ether / acetic ether (50:1 by volume) as eluent. 
Synthesis of 3,6-bis(4-bromophenyl)pyrrolo[3,4-c]pyrrole-1,4(2H,5H)-dione(a):
Sodium (0.44 g, 19 mmol) and ferric chloride (20 mg) was added into a 250 mL two-necked round-bottomed flask.
The flask was degassed and flushed with dry nitrogen three times, after which 12 mL of distilled tertiary amyl alcohol was injected. The mixture was heated to reflux and then cooled to 50 °C until the sodium was dissolved totally. 4-bromobenzonitrile (1.73 g, 9.5 mmol) was added into the flask, and after which the mixture was heated to reflux again. Then a tertiary amyl alcohol solution (5 mL) of diisopropyl succinate (0.77 mL, 3.8 mol) was added in an hour. After refluxing for 24 h, 5 mL acetic acid was injected. The mixture was heated to 120 °C and refluxing for another hour. The precipitate was separated by filtration, and the filter cake was washed by hot water and methanol repeatedly. Compound a (1.8 g) was obtained as a red solid in 85% after drying. The crude product was used for the next step without further purification.
Synthesis of 3,6-bis(4-bromophenyl)-2,5-dioctylpyrrolo[3,4-c]pyrrole-1,4(2H,5H)-dione (DBr-Dph-DPP):
Compound a (1.1 g, 2.3 mmol) and potassium tert-butoxide (1.3 g, 11.2 mmol) were added into a 250 mL twonecked round-bottomed flask under nitrogen. 40 mL of distilled NMP was injected and the mixture was stirred under 60% for 1 h. Then 1-bromooctane (2.4 mL, 13.8 mmol) was added slowly and the mixture was stirred under 60 °C for another 24 h. Then the mixture was cool to 25 °C and 40 mL toluene was then added and NMP was washed out by water. The collected organic layer was dried over anhydrous magnesium sulfate. After solvent evaporation, the crude product was purified by a silica gel column chromatography, using petroleum ether/ethyl acetate (100:1 by volume) as eluent. DBr-Dph-DPP (0.58 g) was obtained as an orange solid in 51% yield. 1 (20 mg, 2% mmol)and distilled THF (10 mL). The procedure was similar to that used for the synthesis of DTPE-Dph-DPP described above, the residue was purified by silica gel column chromatography, using petroleum ether/DCM/acetic ether (40 4 (20 mg, 2% mmol) and distilled THF (10 mL). The procedure was similar to that used for the synthesis of DTPE-Dph-DPP described above, the residue was purified by silica gel column chromatography, using petroleum ether/DCM/acetic ether (40:10:1 by volume) as eluent. 4 (20 mg, 2% mmol) and distilled THF (10 mL). The procedure was identical to that used for the synthesis of α-A2DTPE-Dph-DPP described above, the residue was purified by silica gel column chromatography, using petroleum ether/DCM/acetic ether (40:10:1 by volume) as eluent. And 0.14 g of compound 4 was obtained as a bright red solid in 54.8% yield. 1 
Synthesis of 2,5-dioctyl-3,6-bis(4-(1,2,2-triphenylvinyl)phenyl)pyrrolo[3,4-c]pyrrole-1,4(2H, 5H)-dione (DTPE-
DPP
Theoretical Calculation.
All calculations on the considered molecules were performed by using the Gaussian 09 program package. a Abbreviation: λ abs = absorption maximum, λ em = emission maximum, Φ F = fluorescence quantum yield (%) in dilute THF solution (soln) estimated by Rhodamine B (70% in ethanol), thin film (film) determined by a calibrated integrating sphere, E g = energy gap calculated from the onset absorption wavelength, HOMO = the highest occupied molecular orbital determined by cyclic voltammetry, LUMO = the lowest unoccupied molecular orbital deduced from E g and HOMO and N.D. = not detectable (signal is too weak to be accurately determined). NA = No answer. 
